ipwiiiiiiinioiiii 

(H) EP 1 296 423 A1 

(1 2) EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

26.03.2003 Bulletin 2003/13 

(21) Application number 01941223.8 

(22) Date of filing: 25.06.2001 


(51) lntci7: H01S3/10, H04J 14/02, 
H04B 10/17 

(86) International application number: 
PCT/JP01/05416 

(87) International publication number: 

WO 02/001 684 (03.01 .2002 Gazette 2002/01 ) 


(84) Designated Contracting States: 


• SHIMIZU, Katsuhiro, Mitsubishi Denki KK 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Chiyoda-ku, Tokyo 100-8310 (JP) 


MC NL PT SF TR 


• ITOH Takahlko 
— ii wri| • aiuaiimw, 




Mitsubishi Denki Kabushiki Kaisha 


(30) Priority: 29.06.2000 JP 2000197135 


Chiyoda-ku, Tokyo 100-8310 (JP) 


(71) Applicant: MITSUBISHI DENKI KABUSHIKI 


(74) Representative: Pfenning, Meinig & Partner 


KAISHA 


Mozartstrasse 17 


Tokyo 100-8310 (JP) 


80336 Munchen (DE) 


(72) Inventors: 




• KAJIYA, Satoshi, 




Mitsubishi Denki Kabushiki Kaisha 




Chiyoda-ku, Tokyo 100-8310 (JP) 





(54) OPTICAL AMPLIRER DEVICE 



J 



Europaisches Patentamt 
(1 9) /fill European Patent Office 

Office euro pee n des brevets 



(57) The optical amplifier apparatus comprises an 
optical amplifier (3) which amplifies an input signal light, 
an output detecting unit (5) which detects an output level 
of the optical amplifier, an output control unit (6) which 
controls an output level of the optical amplifier according 
to an output level detected by the output detecting unit 



(5), a gain inclination detecting unit (7) which detects a 
gain inclination relating to a wavelength of the optical 
amplifier, and a gain inclination control unit (8) which 
controls a gain inclination of the optical amplifier (3) ac- 
cording to a gain inclination detected by the gain incli- 
nation detecting unit (7). 
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Description 

TECHNICAL FIELD 

[0001 ] The present invention relates to an optical am- 
plifier apparatus. More particularly, this invention relates 
to the optical amplifier apparatus which is utilized for an 
optical repeater and others for wavelength multiplex 
transmission. 

BACKGROUND ART 

[0002] I n recent years, along the rapid increase in de- 
mand for communications using the Internet and the 
like, there have been actively progressed researches 
and developments into and practical application of 
large-capacity and high-speed transmission systems in 
networks. As one of such signal transmission systems, 
a wavelength multiplex transmission system for trans- 
mitting signals by multiplexing signal lights of a plurality 
of mutually different wavelengths through one transmis- 
sion fiber has been known. According to signal trans- 
mission based on the wavelength multiplex transmis- 
sion system, it is possible to transmit information for 
each signal of each wavelength, and this system is suit- 
able for large-capacity transmission. An optical fiber am- 
plifier (an optical amplifier) constructed of a rare-earth- 
added optical fiber has the following characteristics, and 
is suitable for application to wavelength multiplex trans- 
mission. The amplifier does not depend on a transmis- 
sion speed, the amplifier can simplify repeaters, and the 
amplifier collectively amplifies all input signal lights. 
[0003] However, the optical amplifier has gain wave- 
length dependency, and it has been known that there 
occurs a variance between wavelengths in the light out- 
put or the gain of each wavelength after the amplifica- 
tion. Therefore, there occurs a variance between wave- 
lengths in the optical power after the transmission. Par- 
ticularly, when carrying out a multi-stage repeating by 
the optical amplifier, the variance between wavelengths 
due to the optical amplifier at each repeating stage is 
accumulated. This brings about the inconvenience that 
the variance between wavelengths of the optical power 
after the transmission becomes larger. 
[0004] As an example of an optical amplifier gain 
equalization technique for solving the above problem, 
there is a technique (an optical equalization amplifier) 
as disclosed in Japanese Patent Application Laid-open 
No. 9-211507. This optical equalization amplifier is an 
apparatus for equalizing the output levels of a plurality 
of wavelength components as well as making constant 
the light input and output levels, in the amplification of 
wavelength-multiplexed lights. As shown in Fig. 17, the 
optical equalization amplifier has an optical amplifier 
103 and a variable optical attenuator 104 arranged be- 
tween an input terminal 101 and an output terminal 102. 
[0005] The optical amplifier 103 has such gain incli- 
nation characteristics, that a gain at a long wavelength 



side becomes smaller when the excitation ratio is high, 
and that a gain at a short wavelength side becomes 
smaller when the excitation ratio is low. In other words, 
the optical amplifier 103 has a negative inclination of 

s gain relative to wavelength when the excitation ratio is 
high, and has a positive inclination of gain relative to 
wavelength when the excitation ratio is low. As an ex- 
ample of a means which changes the excitation ratio, 
there are an excitation power control unit, and an optical 

10 level control unit for controlling a signal light that is input 
to the amplifier. . 

[0006] In the above optical amplifier apparatus, an in- 
put wavelength-multiplexed signal is amplified by the 
optical amplifier 103. A level of each wavelength is de- 
tected atthe output side of the optical amplifier 1 03. The 
optical amplifier apparatus controls the excitation power 
(gain control) of the optical amplifier 1 03 so that the lev- 
els (gains) of the wavelengths are equalized. An output 
level is detected at the output side of the variable optical 

20 attenuator 1 04. The optical amplifier apparatus controls 
(output control) the attenuation of the output signal light 
of the variable optical attenuator 104. 
[0007] However, a transmission line and a passive de- 
vice have wavelength dependency attenuation, and 

25 therefore, optical signals of different levels are received 
at the input of the optical amplifier. This brings about a 
variance in the optical levels between the wavelengths. 
A variance of optical levels generated by one optical am- 
plifier is small. However, as dozens to hundreds of op- 

30 tical amplifiers are provided for long-distance transmis- 
sion like a submarine cable that connects between con- 
tinents, the accumulation of such variances results in a 
small optical level in a channel of a specific signal wave- 
length. This has a risk of deteriorating an optical signal 

35 to noise ratio. 

[0008] As the wavelength signal of the lowest power 
among the multiplexed wavelengths becomes a lower 
limit of reception power after the transmission, a maxi- 
mum transmission distance is limited by the wavelength 

40 signal of the lowest power. Therefore, it is important to 
lower the variance between wavelengths after the trans- 
mission, in order to expand the maximum repetition 
transmission distance. For minimizing the variance in 
the optical signal to noise ratio between channels after 

45 the transmission and minimizing the variance in the re- 
ception characteristics, there is a technique of providing 
a gain inclination at the transmission side in advance 
(pre-emphasizing). An inline automatic gain inclination 
compensator may be inserted into the transmission line. 

50 [0009] However, the provision of a large pre-empha- 
sis lowers an optical SNR, and this also distorts a signal 
waveform due to a nonlinear effect of the transmission 
line attributable to the rise in signal optical power of a 
distance average. The pre-emphasis has inconven- 

55 ience that the pre-emphasis effect becomes smaller as 
the transmission distance becomes longer. On the other 
hand, the inline automatic gain inclination compensator 
can minimize excessive deterioration of the optical SNR 
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and the reception characteristics. However, there are 
other problems like the reliability of this compensator 
and the increase in the cost of the apparatus. 
[0010] It is an object of this invention to provide an 
optical amplifier apparatus capable of controlling a gain 
inclination and making constant a light output level in 
amplifying wavelength-multiplexed lights, without de- 
pending on the provision of pre-emphasis and without 
generating other problems like the reliability of a com- 
pensator and the increase in the cost of the apparatus. 

DISCLOSURE OF THE INVENTION 

[0011] The optical amplifier apparatus according to 
one aspect of the present invention comprises an optical 
amplifier which amplifies an input signal light, an output 
detecting unit which detects an output level of the optical 
amplifier, an output control unit which controls an output 
level of the optical amplifier according to an output level 
detected by the output detecting unit, a gain inclination 
detecting unit which detects a gain inclination relating 
to a wavelength of the optical amplifier, and a gain incli- 
nation control unit which controls a gain inclination of 
the optical amplifier according to a gain inclination de- 
tected by the gain inclination detecting unit. 
[0012] The optical amplifier apparatus according to 
another aspect of the present invention comprises an 
optical amplifier which amplifies an input wavelength- 
multiplexed signal light, an optical variable attenuator 
which attenuates an output signal light of the optical am- 
plifier, an output detecting unit which detects an output 
level at an output side of the optical variable attenuator, 
an output control unit which controls the attenuation of 
an output signal light attenuated by the optical variable 
attenuator according to an output level detected by the 
output detecting unit, a gain inclination detecting unit 
which detects a gain inclination relating to a wavelength 
of the optical amplifier, and a gain inclination control unit 
which controls a gain inclination by adjusting an output 
light of an excitation light source of the optical amplifier 
according to a gain inclination detected by the gain in- 
clination detecting unit. 

[0013] The optical amplifier apparatus according to 
still another aspect of the present invention comprises 
an optical amplifier which amplifies an input wavelength- 
multiplexed signal light, an optical variable attenuator 
which attenuates an output signal light of the optical am- 
plifier, an output detecting unit which detects an output 
level at an output side of the optical variable attenuator, 
an output control unit which controls an output light of 
an excitation light source of the optical amplifier accord- 
ing to an output level detected by the output detecting 
unit, a gain inclination detecting unit which detects a 
gain inclination relating to a wavelength of the optical 
amplifier, and a gain inclination control unit which con- 
trols a gain inclination by adjusting the attenuation of an 
output signal light attenuated by the optical variable at- 
tenuator according to a gain inclination detected by the 



gain inclination detecting unit. 

[0014] The optical amplifier apparatus according to 
still another aspect of the present invention comprises 
an optical amplifier which amplifies an input wavelength- 
5 multiplexed signal light, a compensation light source 
which injects a compensation light that propagates in a 
forward direction of a propagation direction of an input 
signal light to the optical amplifier, a wavelength select- 
ing unit which interrupts a compensation light at an out- 
put side of the optical amplifier, and transmits only a sig- 
nal light, an output detecting unit which detects an out- 
put level of a signal light at an output side of the wave- 
length selecting unit, an output control unit which con- 
trols an output light of the compensation light source ac- 
cording to an output level detected by the output detect- 
ing unit, a gain inclination detecting unit which detects 
a gain inclination of the optical amplifier, and a gain in- 
clination control unit which controls a gain inclination by 
adjusting an output light of an excitation light source of 
the optical amplifier according to a gain inclination de- 
tected by the gain inclination detecting unit. 
[0015] The optical amplifier apparatus according to 
still another aspect of the present invention comprises 
an optical amplifier which amplifies an input wavelength- 
multiplexed signal light, a compensation light source 
which injects a compensation light that propagates in a 
forward direction of a propagation direction of the input 
signal light to the optical amplifier, a wavelength select- 
ing unit which interrupts a compensation light at an out- 
put side of the optical amplifier, and transmits only a sig- 
nal light, an output detecting unit which detects an out- 
put level of a signal light at an output side of the wave- 
length selecting unit, an output control unit which con- 
trols an output light of an excitation light source of the 
optical amplifier according to an output level detected 
by the output detecting unit, a gain inclination detecting 
unit which detects a gain inclination of the optical ampli- 
fier, and a gain inclination control unit which controls a 
gain inclination by adjusting an output light of the com- 
pensation light source according to a gain inclination de- 
tected by the gain inclination detecting unit. 
[0016] The optical amplifier apparatus according to 
still another aspect of the present invention comprises 
an optical amplifier which amplifies an input wavelength- 
multiplexed signal light, a compensation light source 
which injects a compensation light that propagates in a 
forward direction, of a propagation direction of the input 
signal light to the optical amplifier, an optical variable 
attenuator which attenuates an output signal light of the 
optical amplifier, a wavelength selecting unit which in- 
terrupts a compensation light at an output side of the 
optical variable attenuator, and transmits only a signal 
light, an output detecting unit which detects an output 
level of a signal light at an output side of the wavelength 
selecting unit, an output control unit which controls the 
attenuation of an output signal light of the optical varia- 
ble attenuator according to an output level detected by 
the output detecting unit, a gain inclination detecting unit 
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which detects a gain inclination of the optical amplifier, 
and a gain inclination control unit which controls a gain 
inclination by adjusting an output light of the compensa- 
tion light source according to a gain inclination detected 
by the gain inclination detecting unit. 
[0017] The optical amplifier apparatus according to 
still another aspect of the present invention comprises 
an optical amplifier which amplifies an input wavelength- 
multiplexed signal light, a compensation light source 
which injects a compensation light that propagates in a 
forward direction of a propagation direction of the input 
signal light to the optical amplifier, an optical variable 
attenuator which attenuates an output signal light of the 
optical amplifier, a wavelength selecting unit which in- 
terrupts a compensation light at an output side of the 
optical variable attenuator, and transmits only a signal 
light, an output detecting unit which detects an output 
level of a signal light at an output side of the wavelength 
selecting unit, an output control unit which controls an 
output light of the compensation light source according 
to an output level detected by the output detecting unit, 
a gain inclination detecting unit which detects a gain in- 
clination of the optical amplifier, and a gain inclination 
control unit which controls a gain inclination by adjusting 
the attenuation of an output signal light attenuated by 
the optical variable attenuator according to a gain incli- 
nation detected by the gain inclination detecting unit. 
[0018] The optical amplifier apparatus according to 
still another aspect of the present invention comprises 
a first optical amplifier which amplifies an input wave- 
length-multiplexed signal light, an optical variable atten- 
uator which attenuates an output signal light of the first 
optical amplifier, a second optical amplifier which ampli- 
fies an output signal light of the optical variable attenu- 
ator, an output detecting unit which detects an output 
level at an output side of the second optical amplifier, 
an output control unit which controls the attenuation of 
an output signal light attenuated by the optical variable 
attenuator according to an output level detected by the 
output detecting unit, a gain inclination detecting unit 
which detects a gain inclination of the second optical 
amplifier, and a gain inclination control unit which con- 
trols a gain inclination by adjusting output lights of exci- 
tation light sources of the first optical amplifier and the 
second optical amplifier according to a gain inclination 
detected by the gain inclination detecting unit. 
[0019] The optical amplifier apparatus according to 
still another aspect of the present invention comprises 
a first optical amplifier which amplifies an input wave- 
length-multiplexed signal light, an optical variable atten- 
uator which attenuates an output signal light of the first 
optical amplifier, a second optical amplifier which ampli- 
fies an output signal light of the optical variable attenu- 
ator, an output detecting unit which detects an output 
level at an output side of the second optical amplifier, 
an output control unit which controls output lights of ex- 
citation light sources of the first optical amplifier and the 
second optical amplifier according to an output level de- 



tected by the output detecting unit, a gain inclination de- 
tecting unit which detects a gain inclination of the sec- 
ond optical amplifier, and a gain inclination control unit 
which controls a gain inclination by adjusting the atten- 

5 uation of an output signal light attenuated by the optical 
variable attenuator according to a gain inclination de- 
tected by the gain inclination detecting unit. 
[0020] The optical amplifier apparatus according to 
still another aspect of the present invention comprises 

10 an optical amplifier which amplifies an input wavelength- 
multiplexed signal light, a compensation light source 
which injects a compensation light that propagates in a 
forward direction of a propagation direction of the input 
signal light to the optical amplifier, a first optical amplifier 
which amplifies the signal light, an optical variable at- 
tenuator which attenuates an output signal light of the 
first optical amplifier, a second optical amplifier which 
amplifies an output signal light of the optical variable at- 
tenuator, a wavelength selecting unit which interrupts a 

20 compensation light at an output side of the second op- 
tical amplifier, and transmits only a signal light, an output 
detecting unit which detects an output level of a signal 
light at an output side of the wavelength selecting unit, 
an output control unit which controls the attenuation of 

25 an output signal light attenuated by the optical variable 
attenuator according to an output level detected by the 
output detecting unit, a gain inclination detecting unit 
which detects a gain inclination of the second optical 
amplifier, and a gain inclination control unit which con- 

30 trols a gain inclination by adjusting an output light of the 
compensation light source according to a gain inclina- 
tion detected by the gain inclination detecting unit. 
[0021] The optical amplifier apparatus according to 
still another aspect of the present invention comprises 

35 an optical amplifier which amplifies an input wavelength- 
multiplexed signal light, a compensation light source 
which injects a compensation light that propagates in a 
forward direction of a propagation direction of the input 
signal light to the optical amplifier, a first optical amplifier 

40 which amplifies the signal light, an optical variable at- 
tenuator which attenuates an output signal light of the 
first optical amplifier, a second optical amplifier which 
amplifies an output signal light of the optical variable at- 
tenuator, a wavelength selecting unit which interrupts a 

45 compensation light at an output side of the second op- 
tical amplifier, and transmits only a signal light, an output 
detecting unit which detects an output level of a signal 
light at an output side of the wavelength selecting unit, 
an output control unit which controls an output light of 

so the compensation light source according to an output 
level detected by the output detecting unit, a gain incli- 
nation detecting unit which detects a gain inclination of 
the second optical amplifier, and a gain inclination con- 
trol unit which controls a gain inclination by adjusting the 

55 attenuation of an output signal light attenuated by the 
optical variable attenuator according to a gain inclination 
detected by the gain inclination detecting unit. 
[0022] The optical amplifier apparatus according to 
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still another aspect of the present invention comprises 
an optical amplifier which amplifies an input wavelength- 
multiplexed signal light, a compensation light source 
which injects a compensation light that propagates in a 
forward direction of a propagation direction of the input 
signal light to the optical amplifier, a first optical amplifier 
which amplifies the signal light, a second optical ampli- 
fier which amplifies an output signal light of the first op- 
tical amplifier, a wavelength selecting unit which inter- 
rupts a compensation light at an output side of the sec- 
ond optical amplifier, and transmits only a signal light, 
an output detecting unit which detects an output level of 
a signal light at an output side of the wavelength select- 
ing unit, an output control unit which controls output 
lights of excitation light sources of the first optical am- 
plifier and the second optical amplifier according to an 
output level detected by the output detecting unit, a gain 
inclination detecting unit which detects a gain inclination 
of the'optical amplifier, and a gain inclination control unit 
which controls a gain inclination by adjusting an output 
light of the compensation light source according to a 
gain inclination detected by the gain inclination detect- 
ing unit. 

[0023] The optical amplifier apparatus according to 
still another aspect of the present invention comprises 
an optical amplifier which amplifies an input wavelength- 
multiplexed signal light in an excitation light source, a 
compensation light source which injects a compensa- 
tion light that propagates in a forward direction of a prop- 
agation direction of the input signal light to the optical 
amplifier, a first optical amplifier which amplifies the sig- 
nal light, a second optical amplifier which amplifies an 
output signal light of the first optical amplifier, a wave- 
length selecting unit which interrupts a compensation 
light at an output side of the second optical amplifier, 
and transmits only a signal light, an output detecting unit 
which detects an output level of a signal light at an output 
side of the wavelength selecting unit, an output control 
unit which controls an output light of the compensation 
light source according to an output level detected by the 
output detecting unit, a gain inclination detecting unit 
which detects a gain inclination of the second optical 
amplifier, and a gain inclination control unit which con- 
trols a gain inclination by adjusting output lights of an 
excitation light source of the first optical amplifier and 
an excitation light source of the second optical amplifier 
according to a gain inclination detected by the gain in- 
clination detecting unit. 

[0024] In the above-mentioned optical amplifier appa- 
ratus, the gain inclination detecting unit branches a 
wavelength-multiplexed signal light, and detects a gain 
inclination from optical signal levels of a shortest wave 
and a longest wave. 

[0025] I n the above-mentioned optical amplifier appa- 
ratus, the gain inclination detecting unit branches a 
wavelength-multiplexed signal light, and detects a gain 
inclination from optical signal levels of three or more 
waves. 



[0026] In the above-mentioned optical amplifier appa- 
ratus, the optical amplifier apparatus inputs a wave- 
length-multiplexed signal light having mutually different 
frequency components superimposed on optical signals 
5 of a shortest wave and a longest wave respectively, and 
the gain inclination detecting unit detects frequency 
components superimposed on the optical signals of re- 
spective wavelengths thereby to detect a gain inclina- 
tion. 

10 [0027] In the above-mentioned optical amplifier appa- 
ratus, the optical amplifier apparatus inputs a wave- 
length-multiplexed signal light having mutually different 
frequency components superimposed on optical signals 
of three or more waves respectively, and the gain incli- 

*5 nation detecting unit detects frequency components su- 
perimposed on the optical signals thereby to detect a 
gain inclination. 



BRIEF DESCRIPTION OF THE DRAWINGS 

20 

[0028] 

Fig. 1 is a diagram showing a structure of a first em- 
bodiment of an optical amplifier apparatus accord- 

25 ing to the present invention; Fig. 2 is a graph show- 
ing an example of a gain inclination control of the 
optical amplifier apparatus according to the first em- 
bodiment; Fig. 3 is a diagram showing a structure 
of one example of a gain inclination detecting unit 

30 in an optical amplifier apparatus according to the 
present invention; Fig. 4 is a diagram showing a 
structure of another example of a gain inclination 
detecting unit in an optical amplifier apparatus ac- 
cording to the present invention; Fig. 5 is a diagram 

35 showing a structure of a second embodiment of an 
optical amplifier apparatus according to the present 
invention; Fig. 6 is a diagram showing a structure 
of a third embodiment of an optical amplifier appa- 
ratus according to the present invention; Fig. 7 is a 

40 diagram showing a structure of a fourth embodi- 
ment of an optical amplifier apparatus according to 
the present invention; Fig. 8 is a diagram showing 
a structure of a fifth embodiment of an optical am- 
plifier apparatus according to the present invention; 

45 Fig. 9 is a diagram showing a structure of a sixth 
embodiment of an optical amplifier apparatus ac- 
cording to the present invention; Fig. 10 is a dia- 
gram showing a structure of a seventh embodiment 
of an optical amplifier apparatus according to the 

50 present invention; Fig. 1 1 is a graph showing an ex- 
ample of a gain inclination control of the optical am- 
plifier apparatus according to the seventh embodi- 
ment; Fig. 12 is a diagram showing a structure of 
an eighth embodiment of an optical amplifier appa- 

55 ratus according to the present invention; Fig. 13 is 
a diagram showing a structure of a ninth embodi- 
ment of an optical amplifier apparatus according to 
the present invention; Fig. 14 is a diagram showing 
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a structure of a tenth embodiment of an optical am- 
plifier apparatus according to the present invention; 
Fig. 1 5 is a diagram showing a structure of an elev- 
enth embodiment of an optical amplifier apparatus 
according to the present invention; Fig. 1 6 is a dia- 
gram showing a structure of a twelfth embodiment 
of an optical amplifier apparatus according to the 
present invention; and Fig. 1 7 is a diagram showing 
an example of a conventional structure of an optical 
amplifier apparatus. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0029] Embodiments of an optical amplifier apparatus 
according to the present invention will be explained in 
detail below with reference to the attached drawings. 

First Embodiment: 

[0030] Fig. 1 shows a first embodiment of an optical 
amplifier apparatus according to the present invention. 
In Fig. 1 , a reference numeral 1 denotes an input termi- 
nal, a reference numeral 2 denotes an output terminal, 
a reference numeral 3 denotes an optical amplifier, a 
reference numeral 4 denotes an optical variable atten- 
uator, a reference numeral 5 denotes an output detect- 
ing unit, a reference numeral 6 denotes an output control 
unit, a reference numeral 7 denotes a gain inclination 
detecting unit, and a reference numeral 8 denotes a gain 
inclination control unit. 

[0031 ] The optical amplifier apparatus of the first em- 
bodiment has the optical amplifier 3, the optical variable 
attenuator 4, the output detecting unit 5, the output con- 
trol unit 6, the gain inclination detecting unit 7, and the 
gain inclination control unit 8. The optical amplifier 3 am- 
plifies a wavelength-multiplexed signal light that is input 
to the input terminal 1 connected with a not shown op- 
tical fiber. 

[0032] The optical variable attenuator 4 variably at- 
tenuates an output signal light of the optical amplifier 3. 
Such an optical variable attenuator can be realized by, 
for example, a Faraday rotor that utilizes a magneto op- 
tic effect. It is also possible to structure this optical var- 
iable attenuator 4 with a device utilizing an electrooptic 
effect of LiNb0 3 or an acoustooptica effect. 
[0033] The output detecting unit 5 detects an output 
level of the optical variable attenuator 4, and outputs the 
detected value of the output level to the output control 
unit 6. The output control unit 6 controls the attenuation 
of an output signal light attenuated by the optical varia- 
ble attenuator 4 according to the detection value, so that 
an output level detected by the output detecting unit 5 
becomes constant. 

[0034] The gain inclination detecting unit 7 detects a 
gain inclination from an output of the optical variable at- 
tenuator 4, and outputs this detection value to the gain 
inclination control unit 8. The gain inclination control unit 
8 adjusts an excitation light of the optical amplifier 3 ac- 



cording to a gain inclination (a detection value) that is 
detected by the gain inclination detecting unit 7. 
[0035] Fig. 2 shows an example of a gain inclination 
control. In this gain inclination control, the control is car- 

5 ried out by setting an input level of the optical amplifier 
3 to -8dBm, an output level of the optical variable atten- 
uator 4 to +1dBm, and a gain G of the optical amplifier 
3 to 9, 1 1 , and 1 3 dB respectively. It can be understood 
from this that the gain inclination is controlled by con- 

10 trolling only the gain G of the optical amplifier 3. Based 
on the above control, it is possible to realize an optical 
amplifier apparatus capable of controlling the gain incli- 
nation as well as making constant the optical output lev- 
el, in the amplification of a wavelength-multiplexed sig- 

15 nal light. 

[0036] A detailed example of the gain inclination de- 
tecting unit 7 will be explained next with reference to Fig. 
3. This gain inclination detecting unit 7 is for branching 
a wavelength-multiplexed signal light, and detecting a 

20 gain inclination from optical signal levels of a shortest 
wavelength X1 and a longest wavelength Xn. The wave- 
length selecting unit 9 divides only the components of 
the shortest wavelength X1 and the longest wavelength 
Xn out of a wavelength-multiplexed signal light that is 

25 output from the optical amplifiers, more strictly, a wave- 
length-multiplexed signal light output of the optical var- 
iable attenuator 4. The wavelength selecting unit 9 then 
sends the respective components to optical detecting 
units 1 0-1 and 1 0-n. It is possible to structure the wave- 

30 length selecting unit 9 with ease by using an optical filter. 
It is possible to use a photodiode, an avalanche photo- 
diode, and a photocounterfor the optical detecting units 
10-1 and 10-n respectively. 

[0037] The shortest wavelength X1 is sent to the op- 

35 tical detecting unit 1 0-1 , and the longest wavelength Xn 
is sent to the optical detecting unit 1 0-n. The optical de- 
tecting units 10-1 and 10-n convert the received lights 
into electric signals respectively, and detect a level of 
the shortest wavelength X1 and a level of the longest 

40 wavelength Xn of the signal light respectively. The de- 
tection values are sent to a gain inclination detecting cir- 
cuit 11 . The gain inclination detecting circuit 11 can de- 
tect a gain inclination by comparing the level of the short- 
est wavelength X1 with the level of the longest wave- 

45 length Xn. 

[0038] In this first embodiment, it is explained that the 
gain inclination is detected from the components of the 
shortest wavelength X1 and the level of the longest 
wavelength Xn. However, it is also possible to detect a 

so gain inclination from optical signal levels of three or 
more waves. In this case, wavelength selecting units 
may be inserted by a number of multiplexed wave- 
lengths of a wavelength-multiplexed optical signal. 
These wavelength selecting units divide the signal light 

55 having the wavelengthsXI , X2, and Xn multiplexed 
together, and send wavelength signals of these wave- 
lengths X1 , X2 and Xn to respective optical detecting 

units. Thereafter, the operation similar to that of the 
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above embodiment is carried out. 
[0039] It is also possible to arrange such that a trans- 
mrtter side superimposes mutually different frequency 
components on the optical signals of the shortest wave- 
length X1 and the longest wavelength X2 respectively. 
Then, the frequency components superimposed on the 
optical signals of respective wavelengths may be de- 
tected to detect a gain inclination. When a low-frequen- 
cy tone signal superimposing system is employed, it is 
possible to accurately control a gain without an influence 
of cumulative natural discharge optical noise. An exam- 
ple of a structure this gain inclination detecting unit 7 will 
be explained with reference to Fig. 4. The gain inclina- 
tion detecting unit 7 is constructed of an optical detecting 
unit 10, band-pass filters (BPPs) 12-1 and 12-n, level 
detecting units 13-1 and 13-n, and a gain inclination de- 
tecting circuit 14. 

[0040] A wavelength-multiplexed signal light output of 
an optical repeater is input to the optical detecting unit 
10. The band-pass filters 12-1 and 12-n extract respec- 
tively the frequency components allocated to wave- 
lengths, from a detection signal. The level detecting 
units 13-1 and 13-n detect respectively the levels of sig- 
nal lights of these frequency components. 
[0041 ] I n this case, the band-pass filter 1 2-1 extracts 
a frequency component f1 that has been superimposed 
on the shortest wavelength X^ , and the band-pass filter 
12-n extracts a frequency component fn that has been 
superimposed on the longest wavelength Xn. The level 
detecting units 13-1 and 13-n detect respectively the 
levels of the extracted frequency components f 1 and fn, 
and send the respective detection values to the gain in- 
clination detecting circuit 1 4. The gain inclination detect- 
ing circuit 1 4 detects a gain inclination by comparing the 
levels of these frequency components. 
[0042] I n this first embodiment, it is explained that the 
gain inclination is detected by superimposing mutually 
different frequency components on only the shortest 
wavelength and the longest wavelength. However, it is 
also possible to superimpose mutually different frequen- 
cy components on optical signals of three or more 
waves. The gain inclination detecting circuit detects the 
superimposed frequency components thereby to detect 
a gain inclination. In this case, it is necessary to mutually 
differentiate the wavelengths of the lights that are output 
from respective optical transmitters, and mutually differ- 
entiate the frequencies of sinusoidal wave signals that 
are superimposed. Further, band-pass filters and level 
detectors corresponding to the number of superim- 
posed frequencies need to be prepared respectively for 
the gain inclination detecting unit 7. The center frequen- 
cy of each band-pass filter is corresponded to the fre- 
quency of each sinusoidal wave signal that is superim- 
posed. 

Second Embodiment: 

[0043] Fig. 5 shows a second embodiment of an op- 



tical amplifier apparatus according to the present inven- 
tion. In Fig. 5, portions corresponding to those in Fig. 1 
are attached with like reference numerals of the portions 
in Fig. 1 , and their explanation will be omitted. 

5 [0044] The optical amplifier apparatus of the second 
embodiment has the optical amplifier 3, the optical var- 
iable attenuator 4, the output detecting unit 5, an output 
control unit 15, the gain inclination detecting unit 7, and 
a gain inclination control unit 1 6. 

10 [0045] The output control unit 15 controls an output 
light of an excitation light source of the optical amplifier 
3 so that an output level becomes constant, according 
to an output level detected by the output detecting unit 
5. The gain inclination control unit 1 6 controls a gain in- 

is clination to an optimum value by adjusting the attenua- 
tion of an output signal light attenuated by the optical 
variable attenuator 4 according to a gain inclination de- 
tected by the gain inclination detecting unit 7. 
[0046] Based on the above control, in this second em- 

20 bodiment also, like in the first embodiment, it is possible 
to realize an optical amplifier apparatus capable of con- 
trolling the gain inclination as well as making constant 
the optical output level, in the amplification of a wave- 
length-multiplexed signal light. 

25 

Third Embodiment: 

[0047] Fig. 6 shows a third embodiment of an optical 
amplifier apparatus according to the present invention. 

30 in Fig. 6, portions corresponding to those in Fig. 1 are 
attached with like reference numerals of the portions in 
Fig. 1 , and their explanation will be omitted. 
[0048] The optical amplifier apparatus of the third em- 
bodiment has the optical amplifier 3, a compensation 

35 light source 1 7, a wavelength selecting unit 1 8, the out- 
put detecting unit 5, an output control unit 19, the gain 
inclination detecting unit 7, and the gain inclination con- 
trol unit 8. 

[0049] The compensation light source 1 7 injects to an 

40 input side of the optical amplifier 3 a compensation light 
that propagates in a forward direction of a propagation 
direction of an input signal light to the optical amplifier 
3. In this case, the gain of the optical amplifier 3 changes 
depending on total power of a signal light and a com- 

45 pensation light. Therefore, the power of the signal light 
changes depending on the power of the compensation 
light, and then the level of a wavelength-multiplexed sig- 
nal light at an output terminal 2 changes. The wave- 
length selecting unit 18 is constructed of an optical re- 

50 jection filter or a coupler, for example. This wavelength 
selecting unit 1 8 interrupts only a light of the wavelength 
of the compensation light source 17 (the compensation 
light) out of the output light of the optical amplifier 3, and 
transmits other components of the wavelength-multi- 

S5 piexed signal light. 

[0050] The output detecting unit 5 detects an output 
level of a wavelength-multiplexed signal light at an out- 
put side of the wavelength selecting unit 18, and outputs 
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a detection value to the output control unit 1 9. The out- 
put control unit 19 controls an output level of the com- 
pensation light source 1 7 according to the detection val- 
ue so that the output level detected by the output de- 
tecting unit 5 becomes constant. The gain inclination de- 
tecting unit 7 detects a gain inclination from an output 
of the optical variable attenuator 4, and outputs a detec- 
tion value to the gain inclination control unit 8. The gain 
inclination control unit 8 controls the gain inclination to 
an optimum value by adjusting an excitation light of the 
optical amplifier 3 according to a gain inclination (a de- 
tection value) detected by the gain inclination detecting 
unit 7. 

[0051] Therefore, in this third embodiment also, like 
in the first embodiment, it is possible to realize an optical 
amplifier apparatus capable of controlling the gain incli- 
nation as well as making constant the optical output lev- 
el, in the amplification of a wavelength-multiplexed sig- 
nal light. 

Fourth Embodiment: 

[0052] Fig. 7 shows a fourth embodiment of an optical 
amplifier apparatus according to the present invention. 
In Fig. 7, portions corresponding to those in Fig. 5 and 
Fig. 6 are attached with like reference numerals of the 
portions in Fig. 5 and Fig. 6, and their explanation will 
be omitted. 

[0053] The optical amplifier apparatus of the fourth 
embodiment has the optical amplifier 3, the compensa- 
tion light source 17, the wavelength selecting unit 18, 
the output detecting unit 5, the output control unit 15, 
the gain inclination detecting unit 7, and a gain inclina- 
tion control unit 20. 

[0054] The output detecting unit 5 detects an output 
level of a wavelength-multiplexed signal light at an out- 
put side of the wavelength selecting unit 1 8, and outputs 
a detection value to the output control unit 15. The out- 
put control unit 15 controls an output tight of an excita- 
tion light source of the optical amplifier 3 according to 
the detection value so that the output level detected by 
the output detecting unit 5 becomes constant. The gain 
inclination detecting unit 7 detects a gain inclination from 
an output of the optical variable attenuator 4, and out- 
puts a detection value to the gain inclination control unit 
20. The gain inclination control unit 20 controls the gain 
inclination to an optimum value by adjusting an output 
level of the compensation light source 17 according to 
again inclination (i.e. a value of the gain inclination) de- 
tected by the gain inclination detecting unit 7. 
[0055] Therefore, in this fourth embodiment also, like 
in the first embodiment, it is possible to realize an optical 
amplifier apparatus capable of controlling the gain incli- 
nation as well as making constant the optical output lev- 
el, in the amplification of a wavelength-multiplexed sig- 
nal light. 



Fifth Embodiment : 

[0056] Fig. 8 shows a fifth embodiment of an optical 
amplifier apparatus according to the present invention, 
s In Fig. 8, portions corresponding to those in Fig. 1 and 
Fig. 7 are attached with like reference numerals of the 
portions in Fig. 1 and Fig. 7, and their explanation will 
be omitted. 

[0057] The optical amplifier apparatus of the fifth em- 

10 bodiment has the optical amplifier 3, the optical variable 
attenuator 4, the compensation light source 17, the 
wavelength selecting unit 18, the output detecting unit 
5, the output control unit 6, the gain inclination detecting 
unit 7, and the gain inclination control unit 20. 

15 [0058] The output detecting unit 5 detects an output 
level of a wavelength-multiplexed signal light at an out- 
put side of the wavelength selecting unit 1 8, and outputs 
a detection value to the output control unit 6. The output 
control unit 6 controls the attenuation of an output signal 

20 light of the optical variable attenuator 4 according to the 
detection value so that the output level detected by the 
output detecting unit 5 becomes constant. The gain in- 
clination detecting unit 7 detects a gain inclination from 
an output of the optical variable attenuator 4, and out- 

25 puts a detection value to the gain inclination control unit 
20. The gain inclination control unit 20 controls the gain 
inclination to an optimum value by adjusting an output 
level of the compensation light source 17 according to 
a gain inclination (i.e. a value of the gain inclination) de- 

30 tected by the gain inclination detecting unit 7, in a similar 
manner to that of the fourth embodiment. 
[0059] Therefore, in this fifth embodiment also, like in 
the first embodiment, it is possible to realize an optical 
amplifier apparatus capable of controlling the gain indi- 

35 nation as well as making constant the optical output lev- 
el, in the amplification of a wavelength-multiplexed sig- 
nal light. 

Sixth Embodiment: 

40 

[0060] Fig. 9 shows a sixth embodiment of an optical 
amplifier apparatus according to the present invention, 
in Fig. 9, portions corresponding to those in Fig. 5 and 
Fig. 6 are attached with like reference numerals of the 
45 portions in Fig. 5 and Fig. 6, and their explanation will 
be omitted. 

[0061 ] The optical amplifier apparatus of the sixth em- 
bodiment has the optical amplifier 3, the optical variable 
attenuator 4, the compensation light source 17, the 

so wavelength selecting unit 18, the output detecting unit 
5, the output control unit 1 9, the gain inclination detect- 
ing unit 7, and the gain inclination control unit 16. 
[0062] The output detecting unit 5 detects an output 
level of a wavelength-multiplexed signal light at an out- 

55 put side of the wavelength selecting unit 1 8, and outputs 
a detection value to the output control unit 1 9. The out- 
put control unit 1 9 controls an output level of the com- 
pensation light source 1 7 according to the detection val- 
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ue so that the output level detected by the output de- 
tecting unit 5 becomes constant, In a similar manner to 
that of the third embodiment. The gain inclination de- 
tecting unit 7 detects a gain inclination from an output 
of the optical variable attenuator 4, and outputs a detec- 
tion value to the gain inclination control unit 16. The 
again inclination control unit 16 controls the gain incli- 
nation to an optimum value by adjusting the attenuation 
of an output signal light attenuated by the optical varia- 
ble attenuator 4 according to a gain inclination detected 
by the gain inclination detecting unit 7, in a similar man- 
ner to that of the second embodiment. 
[0063] Therefore, in this sixth embodiment also, like 
in the first embodiment, it is possible to realize an optical 
amplifier apparatus capable of controlling the gain incli- 
nation as well as making constant the optical output lev- 
el, in the amplification of a wavelength-multiplexed sig- 
nal light. 

Seventh Embodiment: 

[0064] Fig. 1 0 shows a seventh embodiment of an op- 
tical amplifier apparatus according to the present inven- 
tion. In Fig. 10, portions corresponding to those in Fig. 
1 are attached with like reference numerals of the por- 
tions in Fig. 1 , and their explanation will be omitted. 
[0065] The optical amplifier apparatus of the seventh 
embodiment has the first and second optical amplifiers 
3-1 and 3-2, the optical variable attenuator 4, output de- 
tecting units 5-1 and 5-2, the output control unit 6, the 
gain inclination detecting unit 7, a gain inclination control 
unit 23, input detecting units 21-1 and 21-2, and gain 
control units 24-1 and 24-2. 

[0066] The gain of the first optical amplifier 3-1 and 
the gain of the second optical amplifier 3-2 are always 
the same. The output detecting unit 5-2 monitors an out- 
put level of the second optical amplifier 3-2, and the out- 
put control unit 6 control the optical variable attenuator 
4 so that this output level becomes constant. Attenua- 
tion A of the optical variable attenuator 4 is uniquely de- 
termined as A=P2-P1-2xG, where G represents a gain 
of the first optical amplifier 3-1 as well as a gain of the 
second optical amplifier 3-2, P-1 represents an input lev- 
el of the first optical amplifier 3-1 , and P2 represents an 
output level of the second optical amplifier 3-2. On the 
other hand, again inclination D is expressed as a func- 
tion of the gain G, like D=D (G). 
[0067] In other words, it is possible to uniquely deter- 
mine the gain inclination D based on the gain G of the 
first optical amplifier 3-1 and the second optical amplifier 
3-2. It is possible to control the gain inclination by giving 
only the gain G of the optical amplifier from the outside, 
without changing the input and output levels. 
[0068] Fig. 11 shows an example of a gain inclination 
control. In this example of the gain inclination control, 
the control is carried out by setting an input level P1 of 
the first optical amplifier 3-1 to -8dBm, an output level 
P2 of the second optical amplifier 3-2 to+3dBm, and the 



gain G of the optical amplifiers to 9, 11 , and 13 dB re- 
spectively. It can be understood that the gain inclination 
is controlled by controlling only the gain G of the optical 
amplifiers. 

5 [0069] Therefore, in this seventh embodiment also, 
like in the first embodiment, it is possible to realize an 
optical amplifier apparatus capable of controlling the 
gain inclination as well as making constant the optical 
output level, in the amplification of a wavelength-multi- 

10 plexed signal light. 

Eighth Embodiment: 

[0070] Fig. 1 2 shows an eighth embodiment of an op- 
's tical amplifier apparatus according to the present inven- 
tion, in Fig. 12, portions corresponding to those in Fig. 
5 and Fig. 1 0 are attached with like reference numerals 
of the portions in Fig. 5 and Fig. 10, and their explanation 
will be omitted. 
20 [0071] The optical amplifier apparatus of the eighth 
embodiment has the first and second optical amplifiers 
3-1 and 3-2, the optical variable attenuator 4, output de- 
tecting units 5-1 and 5-2, the output control unit 15, the 
gain inclination detecting unit 7, the gain inclination con- 
25 trol unit 1 6, the input detecting units 21 -1 and 21 -2, and 
the gain control units 24-1 and 24-2. 
[0072] The output control unit 15 controls output lights 
of excitation light sources of the first optical amplifier 3-1 
and the second optical amplifier 3-2 so that an output 
30 level becomes constant according to an output level de- 
tected by the output detecting unit 5-2. In this case, the 
gain control unit 24-1 and the gain control unit 24-2 con- 
trol the output lights of the excitation light sources so 
that the gain of the first optical amplifier 3-1 becomes 
35 equal to the gain of the second optical amplifier 3-2. The 
gain inclination control unit 16 controls the gain inclina- 
tion to an optimum value by adjusting the attenuation of 
an output signal light attenuated by the optical variable 
attenuator 4 according to a gain inclination detected by 
40 the gain inclination detecting unit 7. 

[0073] Therefore, in this eighth embodiment also, like 
in the first embodiment, it is possible to realize an optical 
amplifier apparatus capable of controlling the gain incli- 
nation as well as making constant the optical output lev- 
45 el, in the amplification of a wavelength-multiplexed sig- 
nal light. 

Ninth Embodiment: 

so [0074] Fig. 1 3 shows a ninth embodiment of an optical 
amplifier apparatus according to the present invention. 
[0075] The optical amplifier apparatus of the ninth em- 
bodiment has the first and second optical amplifiers 3-1 
and 3-2, the optical variable attenuator 4, a first com- 

55 pensation light source 17-1, a second compensation 
light source 1 7-2, a first wavelength selecting unit 1 8-1 , 
a second wavelength selecting unit 1 8-2, output detect- 
ing units 5-1 and 5-2, the output control unit 6, the gain 



9 



17 EP1296423A1 18 



inclination detecting unit 7, the gain inclination control 
unit 20, the input detecting units 21 -1 and 21 -2, and the 
gain control units 24-1 and 24-2. The reference number 

1 denotes the input terminal, and 2 denotes the output 
terminal. 5 
[0076] The output detecting unit 5-2, detects an out- 
put level of a wavelength-multiplexed signal light at an 
output side of the second wavelength selecting unit 

1 8-2, and outputs a detection value to the output control 
unit 6. The output control unit 6 controls the attenuation 10 
of an output signal light attenuated by the optical varia- 
ble attenuator 4 according to the detection value so that 
the output level detected by the output detecting unit 5-2 
becomes constant. The gain inclination detecting unit 7 
detects a gain inclination from an output of the second '5 
wavelength selecting unit 18-2, and outputs a detection 
value to the gain inclination control unit 20. The gain in- 
clination control unit 20 controls the gain inclination to 
an optimum value by adjusting output levels of the first 
compensation light source 1 7-1 and the second com- 20 
pensation light source 17-2 according to a gain inclina- 
tion (a detection value) detected by the gain inclination 
detecting unit 7. 

[0077] Therefore, in this ninth embodiment also, like 
in the first embodiment, it is possible to realize an optical 25 
amplifier apparatus capable of controlling the gain incli- 
nation as well as making constant the optical output lev- 
el, in the amplification of a wavelength-multiplexed sig- 
nal light. 

30 

Tenth Embodiment: 

[0078] Fig. 1 4 shows a tenth embodiment of an optical 
amplifier apparatus according to the present invention. 
[0079] The optical amplifier apparatus of the tenth 35 
embodiment has the first and second optical amplifiers 
3-1 and 3-2, the optical variable attenuator 4, the first 
and second compensation light sources 1 7-1 and 1 7-2, 
the first and second wavelength selecting units 18-1 and 
18-2, the output detecting units 5-1 and 5-2, the output 40 
control unit 19, the gain inclination detecting unit 7, the 
gain inclination control unit 1 6, the input detecting units 
21 -1 and 21 -2, and the gain control units 24-1 and 24-2. 
The reference number 1 denotes the input terminal, and 

2 denotes the output terminal. 45 
[0080] The output detecting unit 5-2, detects an out- 
put level of a wavelength-multiplexed signal light at an 
output side of the second wavelength selecting unit 
18-2, and outputs a detection value to the output control 
unit 19. The output control unit 1 9 controls output levels so 
of the first compensation light source 1 7-1 and the sec- 
ond compensation light source 1 7-2 according to the de- 
tection value so that the output level detected by the out- 
put detecting unit 5-2 becomes constant. The gain incli- 
nation detecting unit 7 detects a gain inclination from an 55 
output of the second wavelength selecting unit 1 8-2, and 
outputs a detection value to the gain inclination control 
unit 16. The gain inclination control unit 16 controls the 



gain inclination to an optimum value by adjusting the at- 
tenuation of an output signal light attenuated by the op- 
tical variable attenuator 4 according to a gain inclination 
(a detection value) detected by the gain inclination de- 
tecting unit 7. 

[0081] Therefore, in this tenth embodiment also, like 
in the first embodiment, it is possible to realize an optical 
amplifier apparatus capable of controlling the gain incli- 
nation as well as making constant the optical output lev- 
el, in the amplification of a wavelength-multiplexed sig- 
nal light. 

Eleventh Embodiment: 

[0082] Fig. 15 shows an eleventh embodiment of an 
optical amplifier apparatus according to the present in- 
vention. 

[0083] The optical amplifier apparatus of the eleventh 
embodiment has the first and second optical amplifiers 
3-1 and 3-2, the first and second compensation light 
sources 1 7-1 and 1 7-2, the first and second wavelength 
selecting units 1 8-1 and 1 8-2, the output detecting units 
5-1 and 5-2, the output control unit 19, the gain inclina- 
tion detecting unit 7, the gain inclination control unit 23, 
the input detecting units 21-1 and 21-2, and the gain 
control units 24-1 and 24-2. The reference number 1 de- 
notes the input terminal, and 2 denotes the output ter- 
minal. 

[0084] The output detecting unit 5-2 detects an output 
level of a wavelength-multiplexed signal light at an out- 
put side of the second wavelength selecting unit 18-2, 
and outputs a detection value to the output control unit 
19. The output control unit 19 controls output levels of 
the first compensation light source 1 7-1 and the second 
compensation light source 17-2 according to the detec- 
tion value so that the output level detected by the output 
detecting unit 5-2 becomes constant. The gain. inclina- 
tion detecting unit 7 detects a gain inclination from an 
output of the second wavelength selecting unit 1 8-2, and 
outputs a detection value to the gain inclination control 
unit 23. The gain inclination control unit 23 controls the 
gain inclination to an optimum value by adjusting output 
lights of excitation light sources of the first optical am- 
plifier 3-1 and the second optical amplifier 3-2 according 
to a gain inclination (a detection value) detected by the 
gain inclination detecting unit 7. 
[0085] Therefore, in this eleventh embodiment also, 
like in the first embodiment, it is possible to realize an 
optical amplifier apparatus capable of controlling the 
gain inclination as well as making constant the optical 
output level, in the amplification of a wavelength-multi- 
plexed signal light. 

Twelfth Embodiment: 

[0086] Fig. 1 6 shows a twelfth embodiment of an op- 
tical amplifier apparatus according to the present inven- 
tion. 
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[0087] The optical amplifier apparatus of the twelfth 
embodiment has the first and second optical amplifiers 
3-1 and 3-2, the first and second compensation light 
sources 1 7-1 and 1 7-2, the first and second wavelength 
selecting units 1 8-1 and 1 8-2, the output detecting units 
5-1 and 5-2, the output control unit 15, the gain inclina- 
tion detecting unit 7, the gain inclination control unit 20, 
the input detecting units 21-1 and 21-2, and the gain 
control units 24-1 and 24-2. The reference number 1 de- 
notes the input terminal, and 2 denotes the output ter- 
minal. 

[0088] The output detecting u nit 5-2 detects an output 
level of a wavelength-multiplexed signal light at an out- 
put side of the second wavelength selecting unit 18-2, 
and outputs a detection value to the output control unit 
15. The output control unit 15 controls output lights of 
excitation light sources of the first optical amplifier 3-1 
and the second optical amplifier 3-2 according to the de- 
tection value so that the output level detected by the out- 
put detecting unit 5-2 becomes constant. The gain incli- 
nation detecting unit 7 detects a gain inclination from an 
output of the second wavelength selecting unit 1 8-2, and 
outputs a detection value to the gain inclination control 
unit 20. The gain inclination control unit 20 controls the 
gain inclination to an optimum value by adjusting output 
lights of the first compensation light source 1 7-1 and the 
second compensation light source 17-2 according to a 
gain inclination (a detection value) detected by the gain 
inclination detecting unit 7. 

[0089] Therefore, in this twelfth embodiment also, like 
in the first embodiment, it is possible to realize an optical 
amplifier apparatus capable of controlling the gain incli- 
nation as well as making constant the optical output lev- 
el, in the amplification of a wavelength-multiplexed sig- 
nal light. 

[0090] As can be understood from the above expla- 
nation, according to one aspect of the present invention, 
the output control unit controls an output level of the op- 
tical amplifier according to an output level detected by 
the output detecting unit. The gain inclination control unit 
controls a gain inclination of the optical amplifier accord- 
ing to a gain inclination detected by the gain inclination 
detecting unit. Therefore, it is possible to realize an op- 
tical amplifier apparatus capable of controlling the gain 
inclination as well as making constant the optical output 
level, in the amplification of awavelength-multiplexed 
signal light. 

[0091] According to another aspect of the invention, 
the output control unit controls the attenuation of an out- 
put signal light attenuated by the optical variable atten- 
uator according to an output level detected by the output 
detecting unit. The gain inclination control unit controls 
a gain inclination by adjusting an output light of an ex- 
citation light source of the optical amplifier according to 
a gain inclination detected by the gain inclination detect- 
ing unit. Therefore, it is possible to realize an optical am- 
plifier apparatus capable of controlling the gain inclina- 
tion as well as making constant the optical output level, 



in the amplification of a wavelength-multiplexed signal 
light. 

[0092] According to still another aspect of the inven- 
tion, the output control unit controls an output light of an 

5 excitation light source of the optical amplifier according 
to an output level detected by the output detecting unit. 
The gain inclination control unit controls a gain inclina- 
tion by adjusting the attenuation of an output signal light 
attenuated by the optical variable attenuator according 

10 to a gain inclination detected by the gain inclination de- 
tecting unit. Therefore, it is possible to realize an optical 
amplifier apparatus capable of controlling the gain incli- 
nation as well as making constant the optical output lev- 
el, in the amplification of a wavelength-multiplexed sig- 

15 nal light. 

[0093] According to still another aspect of the inven- 
tion, the output control unit controls an output light of the 
compensation light source according to an output level 
detected by the output detecting unit. The gain inclina- 

20 tion control unit adjusts an output light of an excitation 
light source of the optical amplifier according to a gain 
inclination detected by the gain inclination detecting 
unit. Therefore, it is possible to realize an optical ampli- 
fier apparatus capable of controlling the gain inclination 

25 as well as making constant the optical output level, in 
the amplification of a wavelength-multiplexed signal 
light. 

[0094] According to still another aspect of the inven- 
tion, the output control unit controls an output light of an 

30 excitation light source of the optical amplifier according 
to an output level detected by the output detecting unit. 
The gain inclination adjusts an output light of the com- 
pensation light source according to a gain inclination de- 
tected by the gain inclination detecting unit. Therefore, 

35 it is possible to realize an optical amplifier apparatus ca- 
pable of controlling the gain inclination as well as making 
constant the optical output level, in the amplification of 
a wavelength-multiplexed signal light. 
[0095] According to still another aspect of the inven- 

40 tion, the output control unit controls the attenuation of 
an output signal light of the optical variable attenuator 
according to an output level detected by the output de- 
tecting unit. The gain inclination control unit adjusts an 
output light of the compensation light source according 

45 to a gain inclination detected by the gain inclination de- 
tecting unit. Therefore, it is possible to realize an optical 
amplifier apparatus capable of controlling the gain incli- 
nation as well as making constant the optical output lev- 
el, in the amplification of a wavelength-multiplexed sig- 

50 nal light. 

[0096] According to still another aspect of the inven- 
tion, the output control unit controls an output light of the 
compensation light source according to an output level 
detected by the output detecting unit. The gain inclina- 
55 tion control unit controls a gain inclination by adjusting 
the attenuation of an output signal light attenuated by 
the optical variable attenuator according to a gain incli- 
nation detected by the gain inclination detecting unit. 
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Therefore, it is possible to realize an optical amplifier 
apparatus capable of controlling the gain inclination as 
well as making constant the optical output level, in the 
amplification of a wavelength-multiplexed signal light. 
[0097] According to still another aspect of the inven- 
tion, the output control unit controls the attenuation of 
an output signal light attenuated by the optical variable 
attenuator according to an output level detected by the 
output detecting unit. The gain inclination control unit 
controls a gain inclination by adjusting output lights of 
excitation light sources of the first optical amplifier and 
the second optical amplifier according to a gain inclina- 
tion detected by the gain inclination detecting unit. 
Therefore, it is possible to realize an optical amplifier 
apparatus capable of controlling the gain inclination as 
well as making constant the optical output level, in the 
amplification of a wavelength-multiplexed signal light. 
[0098] According to still another aspect of the inven- 
tion, the output control unit controls output lights of ex- 
citation light sources of the first optical amplifier and the 
second optical amplifier according to an output level de- 
tected by the output detecting unit. The gain inclination 
control unit controls a gain inclination by adjusting the 
attenuation of an output signal light attenuated by the 
optical variable attenuator according to a gain inclin ation 
detected by the gain inclination detecting unit. There- 
fore, it is possible to realize an optical amplifier appara- 
tus capable of controlling the gain inclination as well as 
making constant the optical output level, in the amplifi- 
cation of a wavelength-multiplexed signal light. 
[0099] According to still another aspect of the inven- 
tion, the output control unit controls the attenuation of 
an output signal light attenuated by the optical variable 
attenuator according to an output level detected by the 
output detecting unit. The gain inclination control unit 
controls a gain inclination by adjusting an output light of 
the compensation light source according to a gain incli- 
nation detected by the gain inclination detecting unit. 
Therefore, it is possible to realize an optical amplifier 
apparatus capable of controlling the gain inclination as 
well as making constant the optical output level, in the 
amplification of a wavelength-multiplexed signal light. 
[01 00] According to still another aspect of the inven- 
tion, the output control unit controls an output light of the 
compensation light source according to an output level 
detected by the output detecting unit. The gain inclina- 
tion control unit controls a gain inclination by adjusting 
the attenuation of an output signal light attenuated by 
the optical variable attenuator according to a gain incli- 
nation detected by the gain inclination detecting unit. 
Therefore, it is possible to realize an optical amplifier 
apparatus capable of controlling the gain inclination as 
well as making constant the optical output level, in the 
amplification of a wavelength-multiplexed signal light. 
[01 01 ] According to still another aspect of the inven- 
tion, the output control unit controls output lights of ex- 
citation light sources of the first optical amplifier and the 
second optical amplifier according to an output of the 



output detecting unit. The gain inclination control unit 
controls a gain inclination by adjusting an output light of 
the compensation light source according to a gain incli- 
nation detected by the gain inclination detecting unit. 
s Therefore, it is possible to realize an optical amplifier 
apparatus capable of controlling the gain inclination as 
well as making constant the optical output level, in the 
amplification of a wavelength-multiplexed signal light. 
[0102] According to still another aspect of the inven- 
io tion, the output control unit controls an output light of the 
compensation light source according to an output level 
detected by the output detecting unit. The gain inclina- 
tion control unit controls a gain inclination by adjusting 
output lights of an excitation light source of the first op- 
's tical amplifier and an excitation light source of the sec- 
ond optical amplifier according to a gain inclination de- 
tected by the gain inclination detecting unit. Therefore, 
it is possible to realize an optical amplifier apparatus ca- 
pable of controlling the gain inclination as well as making 
20 constant the optical output level, in the amplification of 
a wavelength-multiplexed signal light. 
[0103] Moreover, the gain inclination detecting unit 
branches a wavelength-multiplexed signal light, and de- 
tects a gain inclination from optical signal levels of a 
25 shortest wave and a longest wave. Therefore, it is pos- 
sible to properly detect the gain inclination. 
[01 04] Furthermore, the gain inclination detecting unit 
branches a wavelength-multiplexed signal light, and de- 
tects a gain inclination from optical signal levels of three 
30 or more waves. Therefore, it is possible to properly de- 
tect the gain inclination. 

[0105] Moreover, the gain inclination detecting unit 
detects frequency components superimposed on the 
optical signals of respective wavelengths thereby to de- 

55 tect a gain inclination. Therefore, it is possible to prop- 
erly detect the gain inclination. 
[01 06] Furthermore, the gain inclination detecting unit 
detects frequency components superimposed on the 
optical signals thereby to detect a gain inclination. 

40 Therefore, it is possible to properly detect the gain incli- 
nation. 

INDUSTRIAL APPLICABILITY 

45 [0107] As explained above, the optical amplifier ap- 
paratus according to the present invention is suitable for 
application to an optical repeater and the like for wave- 
length multiplex transmission. 

50 

Claims 

1 . An optical amplifier apparatus comprising: 

55 an optical amplifier which amplifies an input sig- 

nal light; 

an output detecting unit which detects an output 
level of said optical amplifier; 
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an output control unit which controls an output 
level of said optical amplifier according to an 
output level detected by said output detecting 
unit; 

a gain inclination detecting unit which detects 
a gain inclination relating to a wavelength of 
said optical amplifier; and 
a gain inclination control unit which controls a 
gain inclination of said optical amplifier accord- 
ing to a gain inclination detected by said gain 
inclination detecting unit. 

2. The optical amplifier apparatus according to claim 
1, wherein said gain inclination detecting unit 
branches a wavelength -multiplexed signal light, 
and detects a gain inclination from optical signal lev- 
els of a shortest wave and a longest wave. 

3. The optical amplifier apparatus according to claim 
1, wherein said gain inclination detecting unit 
branches a wavelength-multiplexed signal light, 
and detects a gain inclination from optical signal lev- 
els of three or more waves. 

4. The optical amplifier apparatus according to claim 
1 , wherein said optical amplifier apparatus inputs a 
wavelength-multiplexed signal light having mutually 
different frequency components superimposed on 
optical signals of a shortest wave and a longest 
wave respectively, and said gain inclination detect- 
ing unit detects frequency components superim- 
posed on the optical signals of respective wave* 
lengths thereby to detect a gain inclination. 

5. The optical amplifier apparatus according to claim 
1 , wherein said optical amplifier apparatus inputs a 
wavelength-multiplexed signal light having mutually 
different frequency components superimposed on 
optical signals of three or more waves respectively, 
and said gain inclination detecting unit detects fre- 
quency components superimposed on the optical 
signals thereby to detect a gain inclination. 

6. An optical amplifier apparatus comprising: 

an optical amplifier which amplifies an input 

wavelength-multiplexed signal light; 

an optical variable attenuator which attenuates 

an output signal light of said optical amplifier; 

an output detecting unit which detects an output 

level at an output side of said optical variable 

attenuator; 

an output control unit which controls the atten- 
uation of an output signal light attenuated by 
said optical variable attenuator according to an 
output level detected by said output detecting 
unit; 

a gain inclination detecting unit which detects 



a gain inclination relating to a wavelength of 
said optical amplifier; and 
a gain inclination control unit which controls a 
gain inclination by adjusting an output light of 
5 an excitation light source of said optical ampli- 

fier according to a gain inclination detected by 
said gain inclination detecting unit. 

7. The optical amplifier apparatus according to claim 
10 6, wherein said gain inclination detecting unit 
branches a wavelength-multiplexed signal light, 
and detects a gain inclination from optical signal lev- 
els of a shortest wave and a longest wave. 

15 8. The optical amplifier apparatus according to claim 
6, wherein said gain inclination detecting unit 
branches a wavelength-multiplexed signal light, 
and detects a gain inclination from optical signal lev- 
els of three or more waves. 

20 

9. The optical amplifier apparatus according to claim 
6, wherein said optical amplifier apparatus inputs a 
wavelength-multiplexed signal light having mutually 
different frequency components superimposed on 

25 optical signals of a shortest wave and a longest 
wave respectively, and said gain inclination detect- 
ing unit detects frequency components superim- 
posed on the optical signals of respective wave- 
lengths thereby to detect a gain inclination. 

30 

10. The optical amplifier apparatus according to claim 
6, wherein said optical amplifier apparatus inputs a 
wavelength-multiplexed signal light having mutually 
different frequency components superimposed on 

35 optical signals of three or more waves respectively, 
and said gain inclination detecting unit detects fre- 
quency components superimposed on the optical 
signals thereby to detect a gain inclination. 

*o 1 1 . An optical amplifier apparatus comprising: 

an optical amplifier which amplifies an input 
' wavelength-multiplexed signal light; 

an optical variable attenuator which attenuates 
45 an output signal light of said optical amplifier; 

an output detecting unit which detects an output 
level at an output side of said optical variable 
attenuator; 

an output control unit which controls an output 
so Hght of an excitation light source of said optical 

amplifier according to an output level detected 
by said output detecting unit; 
a gain inclination detecting unit which detects 
a gain inclination relating to a wavelength of 
55 said optical amplifier; and 

a gain inclination control unit which controls a 
gain inclination by adjusting the attenuation of 
an output signal light attenuated by said optical 
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variable attenuator according to a gain inclina- 
tion detected by said gain inclination detecting 
unit. 

12. The optical amplifier apparatus according to claim 
11, wherein said gain inclination detecting unit 
branches a wavelength-multiplexed signal light, 
and detects a gain inclination from optical signal lev- 
els of a shortest wave and a longest wave. 

1 3. The optical amplifier apparatus according to claim 
11, wherein said gain inclination detecting unit 
branches a wavelength-multiplexed signal light, 
and detects a gain inclination from optical signal lev- 
els of three or more waves. 

14. The optical amplifier apparatus according to claim 
11, wherein said optical amplifier apparatus inputs 
a wavelength-multiplexed signal light having mutu- 
ally different frequency components superimposed 
on optical signals of a shortest wave and a longest 
wave respectively, and said gain inclination detect- 
ing unit detects frequency components superim- 
posed on the optical signals of respective wave- 
lengths thereby to detect a gain inclination. 

15. The optical amplifier apparatus according to claim 
11, wherein said optical amplifier apparatus inputs 
a wavelength-multiplexed signal light having mutu- 
ally different frequency components superimposed 
on optical signals of three or more waves respec- 
tively, and said gain inclination detecting unit de- 
tects frequency components superimposed on the 
optical signals thereby to detect a gain inclination. 

16. An optical amplifier apparatus comprising: 

an optical amplifier which amplifies an input 
wavelength-multiplexed signal light; 
a compensation light source which injects a 
compensation light that propagates in a forward 
direction of a propagation direction of an input 
signal light to said optical amplifier; 
a wavelength selecting unit which interrupts a 
compensation light at an output side of said op- 
tical amplifier, and transmits only a signal light; 
an output detecting unit which detects an output 
level of a signal light at an output side of said 
wavelength selecting unit; 
an output control unit which controls an output 
light of said compensation light source accord- 
ing to an output level detected by said output 
detecting unit; 

a gain inclination detecting unit which detects 
a gain inclination of said optical amplifier; and 
a gain inclination control unit which controls a 
gain inclination by adjusting an output light of 
an excitation light source of said optical ampli- 



fier according to a gain inclination detected by 
said gain inclination detecting unit. 

17. The optical amplifier apparatus according to claim 
5 16, wherein said gain inclination detecting unit 
branches a wavelength-multiplexed signal light, 
and detects a gain inclination from optical signal lev- 
els of a shortest wave and a longest wave. 

io 18. The optical amplifier apparatus according to claim 
16, wherein said gain inclination detecting unit 
branches a wavelength-multiplexed signal light, 
and detects a gain inclination from optical signal lev- 
els of three or more waves. 

15 

19. The optical amplifier apparatus according to claim 
16, wherein said optical amplifier apparatus inputs 
a wavelength-multiplexed signal light having mutu- 
ally different frequency components superimposed 
20 on optical signals of a shortest wave and a longest 
wave respectively, and said gain inclination detect- 
ing unit detects frequency components superim- 
posed on the optical signals of respective wave- 
lengths thereby to detect a gain inclination. 



20 



25 

20. The optical amplifier apparatus according to claim 
16, wherein said optical amplifier apparatus inputs 
a wavelength-multiplexed signal light having mutu- 
ally different frequency components superimposed 
30 on optical signals of three or more waves respec- 
tively, and said gain inclination detecting unit de- 
tects frequency components superimposed on the 
optical signals thereby to detect a gain inclination. 

35 21 . An optical amplifier apparatus comprising: 

an optical amplifier which amplifies an input 

wavelength-multiplexed signal light; 

a compensation light source which injects a 

40 compensation light that propagates in a forward 

direction of a propagation direction of the input 
signal light to said optical amplifier; 
a wavelength selecting unit which interrupts a 
compensation light at an output side of said op- 

45 tical amplifier, and transmits only a signal light; 

an output detecting unit which detects an output 
level of a signal light at an output side of said 
wavelength selecting unit; 
an output control unit which controls an output 

so light of an excitation light source of said optical 

amplifier according to an output level detected 
by said output detecting unit; 
a gain inclination detecting unit which detects 
a gain inclination of said optical amplifier; and 

55 a gain inclination control unit which controls a 

gain inclination by adjusting an output light of 
said compensation light source according to a 
gain inclination detected by said gain inclina- 
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tion detecting unit. 

22. The optical amplifier apparatus according to claim 
21, wherein said gain inclination detecting unit 
branches a wavelength-multiplexed signal light, 
and detects a gain inclination from optical signal lev- 
els of a shortest wave and a longest wave. 

23. The optical amplifier apparatus according to claim 
21, wherein said gain inclination detecting unit 
branches a wavelength-multiplexed signal light, 
and detects a gain inclination from optical signal lev* 
els of three or more waves. 

24. The optical amplifier apparatus according to claim 
21 , wherein said optical amplifier apparatus inputs 
a wavelength-multiplexed signal light having mutu- 
ally different frequency components superimposed 
on optical signals of a shortest wave and a longest 
wave respectively, and said gain inclination detect- 
ing unit detects frequency components superim- 
posed on the optical signals of respective wave- 
lengths thereby to detect a gain inclination. 

25. The optical amplifier apparatus according to claim 
21 , wherein said optical amplifier apparatus inputs 
a wavelength-multiplexed signal light having mutu- 
ally different frequency components superimposed 
on optical signals of three or more waves respec- 
tively, and said gain inclination detecting unit de- 
tects frequency components superimposed on the 
optical signals thereby to detect a gain inclination. 

26. An optica) amplifier apparatus comprising: 

an optical amplifier which amplifies an input 
wavelength-multiplexed signal light; 
a compensation light source which injects a 
compensation light that propagates in a forward 
direction of a propagation direction of the input 
signal light to said optical amplifier; 
an optical variable attenuator which attenuates 
an output signal light of said optical amplifier; 
a wavelength selecting unit which interrupts a 
compensation light at an output side of said op- 
tical variable attenuator, and transmits only a 
signal light; 

an output detecting unit which detects an output 
level of a signal light at an output side of said 
wavelength selecting unit; 
an output control unit which controls the atten- 
uation of an output signal light of said optical 
variable attenuator according to an output level 
detected by said output detecting unit; 
a gain inclination detecting unit which detects 
a gain inclination of said optical amplifier; and 
a gain inclination control unit which controls a 
gain inclination by adjusting an output light of 



said compensation light source according to a 
gain inclination detected by said gain inclina- 
tion detecting unit. 

5 27. The optical amplifier apparatus according to claim 
26, wherein said gain inclination detecting unit 
branches a wavelength-multiplexed signal light, 
and detects a gain inclination from optical signal lev- 
els of a shortest wave and a longest wave. 

10 

28. The optical amplifier apparatus according to claim 
26, wherein said gain inclination detecting unit 
branches a wavelength-multiplexed signal light, 
and detects a gain inclination from optical signal lev- 
's els of three or more waves. 

29. The optical amplifier apparatus according to claim 
26, wherein said optical amplifier apparatus inputs 
a wavelength-multiplexed signal light having mutu- 



20 ally different frequency components superimposed 
on optical signals of a shortest wave and a longest 
wave respectively, and said gain inclination detect- 
ing unit detects frequency components superim- 
posed on the optical signals of respective wave- 

25 lengths thereby to detect a gain inclination. 

30. The optical amplifier apparatus according to claim 
26, wherein said optical amplifier apparatus inputs 
a wavelength-multiplexed signal light having mutu- 

30 ally different frequency components superimposed 
on optical signals of three or more waves respec- 
tively, and said gain inclination detecting unit de- 
tects frequency components superimposed on the 
optical signals thereby to detect a gain inclination. 

35 

31. An optical amplifier apparatus comprising: 

an optical amplifier which amplifies an input 
wavelength-multiplexed signal light; 

40 a compensation light source which injects a 

compensation light that propagates in a forward 
direction of a propagation direction of the input 
signal light to said optical amplifier; 
an optical variable attenuator which attenuates 

45 an output signal light of said optical amplifier; 

a wavelength selecting unit which interrupts a 
compensation light at an output side of said op- 
tical variable attenuator, and transmits only a 
signal light; 

so an output detecting unit which detects an output 

level of a signal light at an output side of said 
wavelength selecting unit; 
an output control unit which controls an output 
light of said compensation light source accord- 

55 ing to an output level detected by said output 

detecting unit; 

a gain inclination detecting unit which detects 
a gain inclination of said optical amplifier; and 



15 



29 



EP 1296 423 A1 



30 



a gain inclination control unit which controls a 
gain inclination by adjusting the attenuation of 
an output signal light attenuated by said optical 
variable attenuator according to a gain inclina- 
tion detected by said gain inclination detecting 
unit. 

32. The optical amplifier apparatus according to claim 
31, wherein said gain inclination detecting unit 
branches a wavelength-multiplexed signal light, 
and detects a gain inclination from optical signal lev- 
els of a shortest wave and a longest wave. 

33. The optical amplifier apparatus according to claim 
31, wherein said gain inclination detecting unit 
branches a wavelength-multiplexed signal light, 
and detects a gain inclination from optical signal lev- 
els of three or more waves. 

34. The optical amplifier apparatus according to claim 
31 , wherein said optical amplifier apparatus inputs 
a wavelength-multiplexed signal light having mutu- 
ally different frequency components superimposed 
on optical signals of a shortest wave and a longest 
wave respectively, and said gain inclination detect- 
ing unit detects frequency components superim- 
posed on the optical signals of respective wave- 
lengths thereby to detect a gain inclination. 

35. The optical amplifier apparatus according to claim 
31, wherein said optical amplifier apparatus inputs 
a wavelength-multiplexed signal light having mutu- 
ally different frequency components superimposed 
on optical signals of three or more waves respec- 
tively, and said gain inclination detecting unit de- 
tects frequency components superimposed on the 
optical signals thereby to detect a gain inclination. 

36. An optical amplifier apparatus comprising: 

a first optical amplifier which amplifies an input 
wavelength-multiplexed signal light; 
an optical variable attenuator which attenuates 
an output signal light of said first optical ampli- 
fier; 

a second optical amplifier which amplifies an 
output signal light of said optical variable atten- 
uator; 

an output detecting unit which detects an output 
level at an output side of said second optical 
amplifier; 

an output control unit which controls the atten- 
uation of an output signal light attenuated by 
said optical variable attenuator according to an 
output level detected by said output detecting 
unit; 

a gain inclination detecting unit which detects 
a gain inclination of said second optical ampli- 
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tier; and 

a gain inclination control unit which controls a 
gain inclination by adjusting output lights of ex- 
citation light sources of said first optical ampli- 
fier and said second optical amplifier according 
to a gain inclination detected by said gain incli- 
nation detecting unit. 

37. The optical amplifier apparatus according to claim 
36, wherein said gain inclination detecting unit 
branches a wavelength-multiplexed signal light, 
and detects a gain inclination from optical signal lev- 
els of a shortest wave and a longest wave. 

38. The optical amplifier apparatus according to claim 
36, wherein said gain inclination detecting unit 
branches a wavelength-multiplexed signal light, 
and detects a gain inclination from optical signal lev- 
els of three or more waves. 

39. The optical amplifier apparatus according to claim 
36, wherein said optical amplifier apparatus inputs 
a wavelength-multiplexed signal light having mutu- 
ally different frequency components superimposed 
on optical signals of a shortest wave and a longest 
wave respectively, and said gain inclination detect- 
ing unit detects frequency components superim- 
posed on the optical signals of respective wave- 
lengths thereby to detect a gain inclination. 

40. The optical amplifier apparatus according to claim 
36, wherein said optical amplifier apparatus inputs 
a wavelength-multiplexed signal light having mutu- 
ally different frequency components superimposed 
on optical signals of three or more waves respec- 
tively, and said gain inclination detecting unit de- 
tects frequency components superimposed on the 
optical signals thereby to detect a gain inclination. 



40 41 . An optical amplifier apparatus comprising: 

a first optical amplifier which amplifies an input 
wavelength-multiplexed signal light; 
an optical variable attenuator which attenuates 
45 an output signal light of said first optical ampli- 

fier; 

a second optical amplifier which amplifies an 
output signal light of said optical variable atten- 
uator; 

so an output detecting unit which detects an output 

level at an output side of said second optical 
amplifier; 

an output control unit which controls output 
lights of excitation light sources of said first op- 
55 tical amplifier and said second optical amplifier 

according to an output level detected by said 
output detecting unit; 

a gain inclination detecting unit which detects 
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second optical amplifier, and transmits only a 
signal light; 

an output detecting unit which detects an output 
level of a signal light at an output side of said 

5 wavelength selecting unit; 

an output control unit which controls the atten- 
uation of an output signal light attenuated by 
said optical variable attenuator according to an 
output level detected by said output detecting 

10 unit; 

a gain inclination detecting unit which detects 
a gain inclination of said second optical ampli- 
fier; and 

a gain inclination control unit which controls a 
15 gain inclination by adjusting an output light of 

said compensation light source according to a 
gain inclination detected by said gain inclina- 
tion detecting unit. 



a gain inclination of said second optical ampli- 
fier; and 

a gain inclination control unit which controls a 
gain inclination by adjusting the attenuation of 
an output signal light attenuated by said optical 
variable attenuator according to a gain inclina- 
tion detected by said gain inclination detecting 
unit 

42. The optical amplifier apparatus according to claim 
41, wherein said gain inclination detecting unit 
branches a wavelength-multiplexed signal light, 
and detects a gain inclination from optical signal lev- 
els of a shortest wave and a longest wave. 

43. The optical amplifier apparatus according to claim 
41, wherein said gain inclination detecting unit 
branches a wavelength-multiplexed signal light, 
and detects a gain inclination from optical signal lev- 
els of three or more waves. 

44. The optical amplifier apparatus according to claim 
41 , wherein said optical amplifier apparatus inputs 
a wavelength-multiplexed signal light having mutu- 
ally different frequency components superimposed 
on optical signals of a shortest wave and a longest 
wave respectively, and said gain inclination detect- 
ing unit detects frequency components superim- 
posed on the optical signals of respective wave- 
lengths thereby to detect a gain inclination. 

45. The optical amplifier apparatus according to claim 
41 , wherein said optical amplifier apparatus inputs 
a wavelength-multiplexed signal light having mutu- 
ally different frequency components superimposed 
on optical signals of three or more waves respec- 
tively, and said gain inclination detecting unit de- 
tects frequency components superimposed on the 
optical signals thereby to detect a gain inclination. 

46. An optical amplifier apparatus comprising: 

an optical amplifier which amplifies an input 
wavelength-multiplexed signal light; 
a compensation light source which injects a 
compensation light that propagates in a forward 
direction of a propagation direction of the input 
signal light to said optical amplifier; 
a first optical amplifier which amplifies the sig- 
nal light; 

an optical variable attenuator which attenuates 
. an output signal light of said first optical ampli- 
fier; 

a second optical amplifier which amplifies an 
output signal light of said optical variable atten- 
uator; 

a wavelength selecting unit which interrupts a 
compensation light at an output side of said 



20 47. The optical amplifier apparatus according to claim 
46, wherein said gain inclination detecting unit 
branches a wavelength-multiplexed signal light, 
and detects a gain inclination from optical signal lev- 
els of a shortest wave and a longest wave. 

25 

48. The optical amplifier apparatus according to claim 
46, wherein said gain inclination detecting unit 
branches a wavelength-multiplexed signal light, 
and detects a gain inclination from optical signal lev- 

30 els of three or more waves. 

49. The optical amplifier apparatus according to claim 
46, wherein said optical amplifier apparatus inputs 
a wavelength-multiplexed signal light having mutu- 

35 ally different frequency components superimposed 
on optical signals of a shortest wave and a longest 
wave respectively, and said gain inclination detect- 
ing unit detects frequency components superim- 
posed on the optical signals of respective wave- 
40 lengths thereby to detect a gain inclination. 

50. The optical amplifier apparatus according to claim 
46, wherein said optical amplifier apparatus inputs 
a wavelength-multiplexed signal light having mutu- 

45 ally different frequency components superimposed 
on optical signals of three or more waves respec- 
tively, and said gain inclination detecting unit de- 
tects frequency components superimposed on the 
optical signals thereby to detect a gain inclination. 



40 



45 



50 

51. An optical amplifier apparatus comprising: 

an optical amplifier which amplifies an input 
wavelength-multiplexed signal light; 
55 a compensation light source which injects a 

compensation light that propagates in a forward 
direction of a propagation direction of the input 
signal light to said optical amplifier; 
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optical signals thereby to detect a gain inclination. 
56. An optical amplifier apparatus comprising: 

5 an optical amplifier which amplifies an input 

wavelength-multiplexed signal light; 
a compensation light source which injects a 
compensation light that propagates in a forward 
direction of a propagation direction of the input 

10 signal light to said optical amplifier, 

a first optical amplifier which amplifies the sig- 
nal light; 

a second optical amplifier which amplifies an 
output signal light of said first optical amplifier; 
is a wavelength selecting unit which interrupts a 

compensation light at an output side of said 
second optical amplifier, and transmits only a 
signal light; 

an output detecting unit which detects an output 
20 level of a signal light at an output side of said 

wavelength selecting unit; 
an output control unit which controls output 
lights of excitation light sources of said first op- 
tical amplifier and said second optical amplifier 
25 according to an output level detected by said 

output detecting unit; 

a gain inclination detecting unit which detects 
a gain inclination of said optical amplifier; and 
a gain inclination control unit which controls a 
30 gain inclination by adjusting an output light of 

said compensation light source according to a 
gain inclination detected by said gain inclina- 
tion detecting unit. 



a first optical amplifier which amplifies the sig- 
nal light; 

an optical variable attenuator which attenuates 
an output signal light of said first optical ampli- 
fier; 

a second optical amplifier which amplifies an 
output signal light of said optical variable atten- 
uator; 

a wavelength selecting unit which interrupts a 
compensation light at an output side of said 
second optical amplifier, and transmits only a 
signal light; 

an output detecting unit which detects an output 
level of a signal light at an output side of said 
wavelength selecting unit; 
an output control unit which controls an output 
light of said compensation light source accord- 
ing to an output level detected by said output 
detecting unit; 

a gain inclination detecting unit which detects 
a gain inclination of said second optical ampli- 
fier; and 

a gain inclination control unit which controls a 
gain inclination by adjusting the attenuation of 
an output signal light attenuated by said optical 
variable attenuator according to a gain inclina- 
tion detected by said gain inclination detecting 
unit. 

52. The optical amplifier apparatus according to claim 
51, wherein said gain inclination detecting unit 
branches a wavelength-multiplexed signal light, 
and detects a gain inclination from optical signal lev- 
els of a shortest wave and a longest wave. 

53. The optical amplifier apparatus according to claim 
51, wherein said gain inclination detecting unit 
branches a wavelength-multiplexed signal light, 
and detects a gain inclination from optical signal lev- 
els of three or more waves. 

54. The optical amplifier apparatus according to claim 
51, wherein said optical amplifier apparatus inputs 
a wavelength-multiplexed signal light having mutu- 
ally different frequency components superimposed 
on optical signals of a shortest wave and a longest 
wave respectively, and said gain inclination detect- 
ing unit detects frequency components superim- 
posed on the optical signals of respective wave- 
lengths thereby to detect a gain inclination. 

55. The optical amplifier apparatus according to claim 
51 , wherein said optical amplifier apparatus inputs 
a wavelength-multiplexed signal light having mutu- 
ally different frequency components superimposed 
on optical signals of three or more waves respec- 
tively, and said gain inclination detecting unit de- 
tects frequency components superimposed on the 



35 57. The optical amplifier apparatus according to claim 
56, wherein said gain inclination detecting unit 
branches a wavelength-multiplexed signal light, 
and detects a gain inclination from optical signal lev- 
els of a shortest wave and a longest wave. 

40 

58. The optical amplifier apparatus according to claim 
56, wherein said gain inclination detecting unit 
branches a wavelength-multiplexed signal light, 
and detects a gain inclination from optical signal lev- 

45 els of three or more waves. 

59. The optical amplifier apparatus according to claim 
56, wherein said optical amplifier apparatus inputs 
a wavelength-multiplexed signal light having mutu- 

so ally different frequency components superimposed 
on optica) signals of a shortest wave and a longest 
wave respectively, and said gain inclination detect- 
ing unit detects frequency components superim- 
posed on the optical signals of respective wave- 
55 lengths thereby to detect a gain inclination. 

60. The optical amplifier apparatus according to claim 
56, wherein said optical amplifier apparatus inputs 
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a wavelength-multiplexed signal light having mutu- 
ally different frequency components superimposed 
on optical signals of three or more waves respec- 
. tively, and said gain inclination detecting unit de- 
tects frequency components superimposed on the 
optical signals thereby to detect a gain inclination. 

61 . An optical amplifier apparatus comprising: 



on optical signals of a shortest wave and a longest 
wave respectively, and said gain inclination detect- 
ing unit detects frequency components superim- 
posed on the optical signals of respective wave- 
5 lengths thereby to detect a gain inclination. 

65. The optical amplifier apparatus according to claim 
61 , wherein said optical amplifier apparatus inputs 
a wavelength-multiplexed signal light having mutu- 
ally different frequency components superimposed 
on optical signals of three or more waves respec- 
tively, and said gain inclination detecting unit de- 
tects frequency components superimposed on the 
optical signals thereby to detect a gain inclination. 



an optical amplifier which amplifies an input 10 
wavelength-multiplexed signal light in an exci- 
tation light source; 

a compensation light source which injects a 
compensation light that propagates in a forward 
direction of a propagation direction of the input '5 
signal light to said optical amplifier; 
a first optical amplifier which amplifies the sig- 
nal light; 

a second optical amplifier which amplifies an 
output signal light of said first optical amplifier; 20 
a wavelength selecting unit which interrupts a 
compensation light at an output side of said 
second optical amplifier, and transmits only a 
signal light; 

an output detecting unit which detects an output 25 
level of a signal light at an output side of said 
wavelength selecting unit; 
an output control unit which controls an output 
light of said compensation light source accord- 
ing to an output level detected by said output 30 
detecting unit; 

a gain inclination detecting unit which detects 
a gain inclination of said second optical ampli- 
fier; and 

a gain inclination control unit which controls a 35 
gain inclination by adjusting output lights of an 
excitation light source of said first optical am- 
plifier and an excitation light source of said sec- 
ond optical amplifier according to a gain incli- 
nation detected by said gain inclination detect- *o 
ing unit. 



62. The optical amplifier apparatus according to claim 
61, wherein said gain inclination detecting unit 
branches a wavelength-multiplexed signal light, 45 
and detects a gain inclination from optical signal lev- 
els of a shortest wave and a longest wave. 



63. The optical amplifier apparatus according to claim 
61, wherein said gain inclination detecting unit so 
branches a wavelength-multiplexed signal light, 
and detects a gain inclination from optical signal lev- 
els of three or more waves. 



64. The optical amplifier apparatus according to claim 55 
61 , wherein said optical amplifier apparatus inputs 
a wavelength-multiplexed signal light having mutu- 
ally different frequency components superimposed 
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FIG.3 
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FIG.7 
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FIG.9 
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